The persisting embryonal infundibular recess (PEIR) is a rare anomaly of the floor of the third ventricle with a debated pathogenesis. It can be a cause of misdiagnosis in the case of cystic lesions of the sellar and suprasellar area.
T he persisting embryonal infundibular recess (PEIR) is a rare anomaly involving the floor of the third ventricle, particularly the infundibular recess of the pituitary gland and the sellar region. The normal infundibular recess is a small funnel-shaped extension of the third ventricle inside the pituitary stalk (1, 2) . It constitutes the remnant of the larger embryonal infundibular recess, which becomes obliterated during development (3) . PEIR has been recently defined as the persistence of the embryonal morphology of the infundibular recess (4).
Being relatively rare, this condition can be misinterpreted as a neoplastic, cystic lesion of the sellar and suprasellar area. Herein we report two new cases and provide a systematic review of the literature.
Material and Methods

Literature review
A systematic review of the English literature was made on PubMed and SCOPUS databases. The following keywords were cross-matched: persistent, persisting, embryonal, infundibulum, infundibular, recess, third ventricle, dilated, dilation, and pituitary stalk. The results were analyzed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (5).
Case Descriptions
Case 1
This 34-year-old woman experienced an episode of severe headache preceded by loss of concentration and transient left eye amaurosis. Her medical history included undefined connective tissue disorder, congenital strabismus, and temporary blindness due to retinal detachment 10 years before. Head CT scan documented a cystic-appearing space-occupying lesion in the sella turcica. The patient did not report any symptom due to pituitary or hypotalamic dysfunction. Her basal pituitary function was unremarkable: FT4, 0.88 ng/dL (0.7 to 1.77 ng/dL); TSH, 1 mcU/mL (0.4 to 3.4 mcU/mL); morning cortisol, 11.1 mg/dL (6.7 to 22.6 mg/dL); ACTH, 18 pg/mL (10 to 50 pg/mL); IGF-I, 165 ng/dL (70 to 251 ng/dL); prolactin, 11 ng/mL (2 to 25 ng/mL); LH (in luteal phase), 4.5 mcU/mL; FSH, 3.6 mcU/mL; and estradiol, 328 pg/mL. Ophthalmological assessment did not document papilledema or new visual defects. Brain MRI (Fig. 1A-1F ) documented a dilated pituitary stalk, surrounding a tubular cavity with the same signal as cerebrospinal fluid (CSF). This cavity appeared to be in continuity with the third ventricle superiorly and showed a dilated inferior end inside the sella turcica, which was slightly enlarged. Hydrocephalus and empty sella were excluded.
At the 18-month follow-up, the patient is clinically well and has decided to not undergo any biochemical and radiological study.
Case 2
This 50-year-old woman underwent head CT scan after mild head trauma, which ruled out posttraumatic lesions and incidentally documented calcifications above the sella turcica, which were initially interpreted as a craniopharyngioma ( Fig. 2A-2C ). The patient did not report any symptom due to pituitary or hypothalamic dysfunction. Her basal pituitary function was unremarkable: FT4, 1 ng/dL (0.7 to 1.77 ng/dL); TSH, 0.67 mcU/mL (0.4 to 3.4 mcU/mL); morning cortisol, 9.1 mg/dL (6.7 to 22.6 mg/dL); ACTH, 12 pg/mL (10 to 50 pg/mL); IGF-I, 65 ng/dL (54 to 199 ng/dL); prolactin, 5 ng/mL (2 to 25 ng/mL); LH (in luteal phase), 19 mcU/mL; FSH, 7 mcU/mL; and estradiol, 337 pg/mL. Ophthalmological assessment excluded papilledema and visual deficits. Brain MRI excluded the diagnosis of craniopharyngioma, showing a cystic lesion of the sella turcica with similar features to the previous case ( Fig. 2D-2F ). An enlarged sella was documented; the calcifications documented on CT were then interpreted as remnants of the dorsum sellae, partly eroded by direct pulsations of CSF inside the sella turcica ( Fig. 2A-2C ). Hydrocephalus and empty sella were excluded, as well as other indirect signs of intracranial hypertension. Comparison with a brain MRI performed 4 years prior documented the same images, which had not been reported.
At the 18-month follow-up, the patient is clinically well. Sellar region MRI and pituitary assessment were unchanged: FT4, 1.2 ng/dL (0.7 to 1.77 ng/dL); TSH, 1 mcU/mL (0.4 to 3.4 mcU/mL); morning cortisol, 9.1 mg/dL (6.7 to 22.6 mg/dL); ACTH, 15 pg/mL (10 to 50 pg/mL); IGF-I, 153 ng/dL (70 to 251 ng/dL); prolactin, 8.1 ng/mL (2 to 25 ng/mL); LH (in follicular phase), 10 mcU/mL; FSH, 8 mcU/mL; and estradiol, 130 pg/mL.
Results of literature review
Of the 160 articles we retrieved in the English literature, 143 articles were discarded during title and abstract analysis, whereas 17 articles were selected for full-text analysis. Of these, nine were excluded as they did not describe PEIR. After further detail analysis, two articles were discarded because the described condition was hypothetical for one patient (6) and not PEIR but rather enlargement of the infundibular recess associated with hydrocephalus (7) for two patients (Supplemental Fig. 1 ). A total of six papers, describing one case each, were then included in this review.
Discussion
To our knowledge,Šteňo et al. (4) were recently the first to use the term PEIR and provided a literature review together with the description of a new case (Table 1 ). In the earliest reported cases (8-10), which were studied with X-rays and ventriculography, PEIR was apparently associated with hydrocephalus or empty sella, but the reporting authors underlined the possibility of a mere coincidental association (9) and the peculiarity of the "empty sellalike" image that was associated with PEIR (10). Morota et al. (7) were the first, to our knowledge, to hypothesize a possible connection of the condition with hydrocephalus and empty sella; they described two cases of infundibular recess enlargement that have been included in other reviews of PEIR (4, 6 ). An in-detail analysis documented that these two cases are the only ones without any intrasellar component, leading to the possibility that they are not PEIR but rather an enlargement of the infundibular recess related to hydrocephalus (2). We then decided to discard their study in this review, including only PEIR with an intrasellar component and with suggestive radiological imaging.
Embryogenesis
During embryogenesis (Fig. 3) , pituitary gland development begins at ;22 days of gestation, when the hypophyseal placode, which will give origin to the adenohypophysis, becomes distinguishable. It corresponds to a small area of ectoderm, rostral to the buccopharyngeal membrane that is adherent to the overlying neuroectoderm, which, in turn, constitutes the neural plate (13) . These two cell populations are located next to each other and contribute to form the pituitary gland as a single structure (13, 14) .
In the next stage, the neural crest mesenchyme extends between the prosencephalon and the surface ectoderm in front of the buccopharyngeal membrane, except for the region of the placode (14, 15) . Thereafter, the saccular Rathke pouch, whose walls and roof are constituted by the placode, takes shape (13) . Likewise, the primordium of the infundibular recess becomes visible on the floor of the third ventricle (13) . After 37 days of gestation, the infundibular recess is formed and indicates the outgrowth of the neurohypophysis (13) .
During the next stages, the Rathke pouch is constricted by continued proliferation of the surrounding mesenchyme to form a closed vesicle but remains for a time connected to the ectoderm of the stomodeum by a solid cord of cells, which can be traced down the posterior edge of the nasal septum (13) . The dorsal wall of the Rathke pouch remains thin and fuses with the adjoining part of the neurohypophysis as the pars intermedia (13) .
The growth of the neurohypophysis and of the pars tuberalis of the neurohypophysis around the infundibular recess leads to its obliteration except at its upper end, where it persists as the infundibular recess of the third ventricle (9, 11, 13) .
Etiology
Different embryogenic theories were proposed to explain PEIR. The first theory proposed the mechanism of arrested proliferation of cells (8-11), but evidence of such process was missing. Therefore, other authors proposed a second theory, based on the presence of the hydrocephalus and consequent raised intraventricular pressure as primum movens of the PEIR (7). Nevertheless,Šteňo et al. (4), who did not find the hydrocephalus, proposed again a dysembryogenic theory, attributing to the hydrocephalus the role of unmasking the underlying anomaly.
It is known that in some animals, the recessus infundibuli persists within the posterior pituitary lobe, but in humans, it normally ends above the plane of the diaphragma sellae (11) . PEIR might then be the result of dysembryogenesis (Supplemental Fig. 1 ).
Endocrinological data
Strikingly, limited endocrinological data are available on PEIR (Table 1 ) and in some reports might be influenced by associated conditions, such as hydrocephalus. In both our patients, endocrine assessment did not document any evidence of hypopituitarism. Moreover, no symptoms or signs due to hypothalamic involvement, such as temperature dysregulation or disturbances in appetite and sleep, were evident.
Radiology
Brain MRI imaging can document the pathognomonic features of PEIR (Figs. 1 to 2 and Supplemental Fig. 1 ): a funnel-shaped, CSF-filled tunnel in the enlarged pituitary stalk is coupled with a cyst in the sellar area, located mainly posteriorly to the anterior lobe of the pituitary gland. Sellar enlargement is usually present.
Natural history
Data on the natural history of PEIR are extremely limited (Table 1) . After surgical exploration, which confirmed the nonneoplastic nature of the lesion,Šteňo et al. (4) reported a stable condition after 8 years. There are no reports on radiological or clinical progression of this condition. Both our patients are stable at the latest follow-up (18 months) from a clinical and endocrine point of view. In one of our patients, no radiological progression of PEIR is evident even after 5 years.
Treatment
No treatment should be considered if PEIR is an isolated finding. Associated conditions, such as hydrocephalus, which might lead to a progression of PEIR image, should be treated accordingly. It is of paramount importance to correctly diagnose this condition to avoid unnecessary treatment.
Conclusions
PEIR is a rare, dysembriogenetic condition of the sellar and suprasellar region, probably underrecognized, which should be included in the differential diagnosis of cystic sellar lesions. Pituitary function is usually unaffected and remains stable over time, but further data have to be collected on the natural history of this condition.
